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FOREWORD
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Technology ,’ Task Number 609505 ‘ Reference System Software Development”

and Work Unit 60950503 “Gunsight Computer Interface.” The effort was

conducted during the time period 28 August 1975 through 15 January 1976.

The principa l i nvestigators for the Air Force Avionics Laboratory were

Captain Frederick Cruger and Staff Sergeant Saniiiie L. Jiles .

Th is report was submi tted by the authors i n March 1976.

Thanks are extended to 475th Test Squadron (Operational) personnel

and to field engineering representatives of Honeywell , Inc . and Hughes

A ircraft Corp. for their assistance In determining the operationa l

instrumentation requirements .
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SECTION I

INTRODUCTION

1. PURPOSE

Work Unit 60950503 was initiated to support the Air Force Avionics

Laboratory (AFAL ) Comparative Gunsight Study conducted at Ty n d a l l  AFB , Fla.

Under this work unit , the Reference Systems Branch (AFAL / RWA -4) provided

computer hardware and software to enhance the performance of the F-106

aircraft instrumentation systems. Although the flight test is still

under way , RWA- 4 has fulfilled its obligations . This report describes

the computer interface hardware and software and formally termina tes

Work Unit 60950503.

2. BACKGROUND

To perform accuv.ately , the computing gunsights required certain

information from the avionics systems . In the initial phaces of the test ,

this information was ava ilable as a collection of analog signals tha t

had been appropriately scaled by the aircraft instrumentation system .

The se signals were multip lexed a nd recorded on an analog recorder for

post-f light analysis. A separate multiplexer and analog-to-digita l converter

(A/ D) converted these signals into useable data for the gunsight digital

computer (Figure 1).

The analog Instrumentation tapes were sent to Eglin AFB , digitized ,

tabulated , and delivered to AFAL analysts at WPAF8 . Unfortunatel y, much

of this information did not correlate wi th known flight test results .
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Inaccuracies were attributed to the many AID , 0/A , and scaling conversions

required for the hybrid (analog/digital) instrumentation and computing

system . AFAL/RWA -4 provided two computer interfaces and one special

purpose fire control system (FCS) computer program to permit ~l1-digita 1

instrumentation.

3. HARDWARE DESIGN PHILOSOPHY

All hardware was built from readily available integrated circuits

(IC’ s) so tha t failures might be easily repaired . All IC’ s were mounted

in sockets for ease of replacement; this incurred an increase in parts

cost , but permitted maintenance and design alterations which otherwise

would have been impossible. The computer interfaces were wire -wrapped ,

rather than soldered , to facilitate corrections and modifications during

and after checkout. All wiring was performed by AFAL /RWA-4 at WPAFB .

The completed i nterfaces were del i vered to Tyndal l AFB with schematic

drawings and wire lists for input /output (I/O) connections.

4 . SOFTWARE DESIGN PHILOSOPHY

The HCM-204 FCS Computer in the F— l06 test aircraft required a special

instrumentation computer program to transmit digita l information to the

guns i ght computer and the instrumentation system . AFAL / RWA-4 provided a

program tha t co’ild be readil y modified . The number and types of data

words transmitted by the HCM-204 could be altered simpl y by c h a n g i n g

a list of I/O parameters within the program ; no changes to the actual

program structure were necessary. This faci l i tated field changes as

instrumentation requirements changed and allowed the same instrumentation3
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program to be used on other F-1O6 test aircraft wi th different instru-

mentation requirements. Also provided was an assembly language

program and computer facilities at Tyndall were used to obtain a

punched paper tape which could be loaded on the HCM-204. Instructions

for modifying the program were given to engineering personnel at

Tyndal l  AFB

. 4
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SE CTION I I

THEORY OF OPERATION

1. HCM-204 OUTPUT INTERFACE

The HCM-204 was an integral part of the F-l06 FCS but had no re-

quirement to transmit conventional parallel digita l data to other devices .

It did , however , have a limited number of one , two , and four bit I/O

space +28vdc discretes and an 18-bit display register which was under

software control . Thi s was the onl y accessible output of parallel digital

words.

AFAL /RWA-4 provided the circuitry shown in block diagram form in

Figure 2. Optical isolators were used to convert the +28vdc display

light outputs to 5vdc signals compatible with standard transistor-transistor

logic (TTL) circuitry . Differential line drivers were used to transmit

the i nformation from the FCS computer (in the nose of the a i rcra ft) to the

Instrumen tation system (in the weapons bay). Differential line

receivers converted the i nformation back to sing l e-ended TTL signals;

these si gnals were used as parallel i nputs to the computer i nterfaces .

The 11 least significant bits (LSB) were also connected to

in puts of a 16 channel multiplexer (parallel—to-se rial converter , or

“mux ”). The other five mux inputs were hard—wired to a specific inputs

sequence. Using a 16KHz clock to count through the 16 i nputs , a serial

data train was obtained ; 11 data bi ts were followed by five synchron i-

zation (sync) bits . Each time the mux began the sync pattern , a +28vdc

discrete was sent to the HCM-204. Upon receiving this signa l , the

5
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specia l  FCS computer program caused a new data word to be sent to the

display register. When the mux completed the sync pattern , it again sent

11 bits seriall y to the recorder and again followed them with a sync

pattern. The mux generated a continuous 16KHz serial output; each set

of data bits represented a new data word from the HCM-204. The word

transfer rate from the HCM-204 to the instrumentation system was thereby

fixed at 1 KHz .

A feature was included in the interface which permitted HCM-2O4

digitization of analog signals normally not connected to the HCM-204 A/D

in puts . A second 16-channel ana l og mux was built; it selected inputs

as designated by a four-bit discrete output from the HCM-204 and transmitted

them to an unused A/D i nput (E26). They then could be digitized and sent

to the disp lay register .

AFAL/RWA-4 designed , bui lt , and tested the HCM—204 output Interface

shown in Figure 2. Field checkout and installation in the aircraft was

performed by the 475th Test Squadron at Tyndall AFB .

2. HCM-204 INSTRUMENTATION PROGRA M

AFAL/RWA-4 provided one special purpose computer program to enable

the HCM-204 to transfer parallel digita l data to the instrumentation

system through the display register. A flow diagram Is shown in

Figure 3. The actual assembly language listing is included in

A ppendices A and B. The code was not designed to minimize core

requirements ; it was written in a form that allowed straightforward

modifica tion.

7
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The program read specified data from the A/D inputs and from the

Centra l Air Data Computer (CADC). These data were presented as 12-bit

data words , each with a unique five-bit tag, to the 18-bit display

register. Each word was held in the display for one m i l l i secon d , s i nce the

cyclic select/read/display process was synchronized by a 1KHz signal

from the HCM-2O4 output Interface.

The punched paper tape was desi gned to be loaded as a “chan ge ta pe”

on the HCM-204. It made two basic changes to the normal FCS program :

1) it loaded the instrumentation program into a normally unused memory

drum block (Block 2 of Channel 168), and , 2) it altered the program

executive (Channel 0) to force entry into the instrumentation program

when “Homing Point III was selected in the cockpit.

The addition to Channel 0 caused a four—bit discrete input (G83) to

the HCM-204 to be read. If G83 = lOl l (138), Block 2 of Channel 168 was

read from the drum and control transferred to the instrumentation program.

If G83 
~ 

138 (i.e., Homing Point T not selected), normal program

operati on was resumed .

The entire instrumen tation program was inclu ded i n the additi on to

Channel 168; program operation is best described by the flow diagram in

Figure 3. Each time the sync pulse (DllO) from the output interface

hardware went “high” (i.e., +28v, log ica l “1”), the program sent a new

data word to the display register and set an output discrete (D229A)

“h igh” , indicating a valid output (“data ready” In Figure 2). A new

in put was then selected , any necessary A/D conversion performed, and the

program would wait for the sync pulse to go “low.” When DllO went8
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“ low ” , D229A was reset. When 0110 again went “high” , the new data word

was sent to the display , D229A was again set hi gh” , and the entire

cycle repeated . When the program finished cycling through every data

word , (i.e., completed one output “frame”) It would check If Homing

Poi nt T was sti ll selec ted . If so, a new Output frame was begun . If not ,

control was transferred back to the normal FCS program .

Be tween each ou tpu t frame , the program also checked to see If it

was In a “self test” mode. To enter the test routine , the TEST/NORM

switch on the HCM—204 was set to the TEST position , setting an input

discrete (0131) “high. ” With the HCM-204 DISPLAY SELECT swi tch in the

SWITCHES posi tion , the program began cycling through a complete output

frame . The test routine executed every instruction In the normal

proqram but displayed a test pattern in the 18—bit display instead of the

norma l data words. The operator could select any test pattern simply by

positioning the DATA ENTRY toggle switches on the HCM-2O4. The positions

of the 10 toggle switches would be continuously displayed in the 10 LSB ’s

of the 18-bit display, the five most si gnificant bits (MSB) of the

display would cycle through the normal list of word tags , while the three

remaining bits were “low. ” After completing an output frame, the

program determined if it was to continue the test routine (i.e., TEST/NORM

switch in TEST). If not, It returned to normal Instrumentation program

operati on.

Tyndal l personnel were instructed on how to alter the list of data

sent to the computer interfaces through the display. To add a new

data word , they mus t: 1) add the corresponding input instruction to the

program list called “TABLE OF INPUT INSTRUCTIONS” ; 2) indicate to which

10
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inpu t (if any) of the 16 channel mux the analog da ta is connected ,

by making the appropriate entry in the “TABLE OF E26 IflPUT MUX SELECT

CODES” , and; 3) add one to the value of U , under “TEMPORARY STORAGE

LOCATION S” . They must remember that each entry In the “TABLE OF IUPUT

IF4STRUCTIONS” is associated with the corresponding entires in the

“TABLE OF ... MUX SELECT CODES” and the “TABLE OF OUTPUT WORD TAGS ” .

In the AFAL/RWA -.4 program , the maximum number of outpu t words per

frame (N) is 278; any larger U would cause the three tables to overlap

in memory . The tables could be spread out to permit longer lists.

3. HDC-601 DMA INTERFACE

In one of the Tyndall F-l06 test aircraft the output of the HCM-204

was sent to the direct-memory-access (DMA) input of a Honeywefl HDC-601

minicomputer in the weapons bay. Figure 4 shows a block diagram of the

HDC-601 DMA interface built by AFAL/RWA -4. The circuitry permitted

1) HCM-204 outputs to be loaded into the HDC-60l memory (i.e., a DMA

“Write ”) and , 2) HCD-601 memory contents to be sent to a di g ita l

magn etic tape recorder (i.e., a DMA “Read”).

a. DMA Write

The 13 data bits from the differential line receivers were con-

nected directly to the DMA data input lines (“DATA1-DATA 13’). The five

word tag bit s were connected to tn -state gates whose outputs were

connected to the five LSB of the DMA memory address lines . When the

HCM-204 set D229A “high” , a DMA W r i t e  Request  (“WRITE” in Figure 4)

was sent to the HDC-601 . WRITE also enabled the tn -state gates , so

Il
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the word tag bits controlled the memory address being loaded; since each

18-bit data word from the HCM-2O4 contained a unique 5-bit word tag, each

variable (attitude , radar range , airspeed , etc.) was effectivel y assiqned

a particular HDC-60l memory location. Operating software lr the hDC-€Ol

merel y had to read these predetermined locations to obtain the latest

values of the corresponding variables.

b . DMA Rea d

The dig ita l tape recorder recorded 16-bit words from the HDC-601 as

four 4-bit bytes. The recorder generated 2 KHz “SLEW CLOCK” pulses ; each

pulse represen ted a “request” from the recorder for the next four bits to

be recorded . The SLEW CLOCK was the Input to a 2-bit counter/decoder

combi na tion , which in turn controlled a lf-line -to-4- line multiplexer.

As s hown i n Figure 4 , “0” from the decoder generated a O .5~s “DMA READ

REQUEST” . When the HDC- 0l acknowl edged the request , the interface

delayed O.8i,is and then loaded the four tn -state latches with the DMA

output (“DMA 1” through “DMA 16” ).  The contents of each latch were

transm i tted to the recor der as eac h succee ding “SLEW CLOCK” pulse

cause d the deco der to i ncremen t. Every fourth pulse , ano the r DMA READ

REQUEST was generated and another 16-bit word from the HDC-60l memory

was loa ded into the latches .

To determine which memory word was to be read from memory , the HDC-

601 examined the 16 add ress li nes . Dur ing a “DMA WRITE” the HCM-204

controlle d the address lines , but during a “DMA READ ” the address lines

were controlle d by the five-bit “a dd ress coun ter” in Figure 4. This counter

was incremented every fourth “SLEW CLOCK” pulse. Successive “DMA READ

REQUESTS” thereby resulted in words from successive memory locations

13
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being sent to the recorder . Using the “SWITCHES” in Figure 4, the system

user selected how many different words (up to 31) were to be sent to the

recorder. When this number had been sent , an Interrupt (“IMTRPT”) was

sent to the HDC-601 to request that the values of the words be updated

before the next output frame was begun. As long as the interface

received “SLEW CLOCK” pulses , the HDC-60l continued to cycle through the

block of memory assigned to data being recorded . When the interface

received a “STOP” comand , the current output frame was completed .

Howeve r , as the last byte of the last word was recorded , an inter-record

gap (IRG) command was sent to the recorder; thic generated an IBM-

compatible IRG , stopped “SLEW CLOCK” pulses , and ha l ted the tape transport.

A “START ” command was necessary to again begin recording data from the

HDC-60l .

c. Con tro l

The DMA interface was built so that a single TTL “START/STOP”

signal could be used , or a “START” could be generated from the trigger

on the aircrew ha nd control (DiOl ) and a “STOP” generated by the

~DC-€Ol . The circuit implementation also prevented simultaneous

“DMA WR ITE” and “DMA READ” requests since the address lines were common

to both. Detailed schematics were delivered to Tyndall so that modifi-

cations could be made if operationa l requirements were changed . The

schematics are also included In Appendix C.

4. AY K-8 INPUT INTERFACE

Because operationa l aircraft gen erally did not have computers with

the DMA capability of an HDC-601 , the AFAL Compara ti ve Gunsight study

14
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also required a means of transmitting data from the HCM-204 to a

rela tiv el y simple computer , such as an AN /AYK-8. AFAL/RWA-4 provided

the interface shown in block diagram form in Figure 5.

a. Memory

Since neither the HCM—204 nor the AYK-8 have an Interrupt capability ,

the In terface had to provide for asynchronous reception and transmission

of data . The Interface was essentially a buffer memory ; the HCM-204

entered data whenever it was ready and the AYK-8 could read data from

the memory when required . The interface used the 18-bit words from the

HCM-204 output interface; the 12 LSB ’s were treated as data while the

five MSB’s (word tag” determ ined into wh ich interface memo ry loca ti on

the data were loaded . Since the HCM-2O4 instrumentation program

ass igned a consis tent , but unique , word tag to each variable , the AYK-8

programer had a priori knowledge of the interface memory loca ti on of

each var iable. To provide operational flexibility , the inter face had

two input modes and two output modes under which data could be written

into or read from the memory .

b . In put Con trol

The “MODEM” signa l In Figure 5 determined under which mode the

HCM-204 could enter data into the Interface memory. With “MODEHzl” ,

the Input holding register was loaded when “REQH=l” , and the 12 data bits

were loaded Into the memory . In this mode, the “DATA READY ” si gna l of

Figure 2 was connected to “REQH” . If , however , the d iscrete s ignals

for MODEM and REQH were not available , “MODEH” coul d be grounde d

( i .e. MODE H~0), REQH connected to 5vdc (REQH=l), and the i nterface

15
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memory loaded data whenever one or more bits of the 18-bit input changed .

This was done by comparing the input lines to the input holding register

con ten ts . When t hey were dif feren t, the interface loaded the new word

into the holding register and into the designated memory location. The

synchronous flip— flops In Figure 5 prevented line transients from causing

erroneous entries in the memory .

c . Ou tput Control

The “MODE8” signa l in Figure 5 determined under which mode the AYK-8

coul d rea d data from the i nterface memory. I ts opera tion was anal ogous

to that of “MODE M ” . With “MOOE8=l” the output holding register was

loa ded when “REQ8 1” , the 12 data bits being read from the location

selected by a six—bit AYK-8 output (SEL4 through SEL9). If , however ,

the d iscre te s ignals  for “MODE8” and “REQ8” were no t ava i labl e, they

could be prese t to 0 and 1 , respectively, and the output holding register

was loa ded whenever one or more bits of the six-bit “select” from the

AYK-8 changed .

d. Stra pdown IRP Interface

The AYK-8 was also required to monitor the outputs of a H-478

strapdown inertial reference package (IRP). Three rhannels of velocity

information (AV
~
, ~~~ ~V~) and three channels of angular attitude

information (t
~
O
~
, A8~~ tlez) were generate d by the IRP . The numeric

data was gathered by counting pulses over a time interval; each pulse

represented an incremental change in velocity (t~V) or atti tude (t1e). The

Interface inclu ded six counters each driven by one of the data Inputs .

When the AYK-8 read one of the channels , the value of the counter was

17



AFAL -TR-76-64

loaded into an Output holding register and the counter was reset to zero.

The counter accumulated pulses until the AYK-8 again caused its contents

to be loaded into the output register and then zeroed .

The pulse outputs and master clock were received by differential

line receivers , as shown in Figure 6. The outputs of the tn -state

output holding registers were connected to the same AYK— 8 input lines as

the HCM-204/AYK-8 interface. When “SEL1-SEL3=O” , “ENHC” ena b le d the

tn -state inverters in Figure 5, so “SEL4-SEL9” selec ted wor ds from the

interface memory. When “SEL1-SEL3±O” , “SEL 1—SEL3” selecte d wh ich channel

of inertial data was sent to the AYK-8 by generating the proper enable

signals (outputs of the decoder in Figure 6). The AYK-8 thereforc~

requ i re d n i ne selec t l i nes to rea d i nputs from both the IRP an d the

HCM-204.
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SECTI ON I I I

RE SULT S AND CONCLU S ION S

The interfaces were tested at WPAFB before they were delivered to

Tyndall AFB. The IICM-204 program had to be tested at Tynda ll , how eve r ,

since an HCM-204 assembler was not available at WPAFt3.

1 . HARDWARE

The HCM-204 output interface was assembled at WPAFB ; a small test

set was also built so that the optical isolators , l ine drivers , and line

receivers could be operated simultaneously (as in the aircraft),

permitting a complete front-to-back test. The Interface and test set

provided simulated HCM-204 outputs for later bench testing of the

HDC-601 DMA interface.

The control and timing functions of the HDC-601 interface were

success full y tested by AFAL/RWA -4. However , the HCM-204 output interface

had already been delivered to Tyndall , so it was not possible to perform

a complete front-to-back check on the data fl ow through the interface.

Suc h a system level check was performed at Tyndall successfully. The

475th Tes t Squa d ron incor pora ted some mod if ications to the interface to

accommodate changes in their operational requirements which were made

after the origina l interface configuration had been mutually determi ned .

The modifications are not included in this report; they were completed

and documented by the Test Squadron.

The AYK -8 Input interface was tested on the AFAL Mobile Evaluation

La boratory (MEL). The MEL PDP-ll/40 minicomputer simulated HCM-204

20 
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outputs and AYK-8 inputs . The interface received , stored , ~nd transmitted

data as designed . The IRP interface was tested by connecting Its inputs

to the strapdown IRP , and monitoring the six up/down channels with a

laboratory counter. The commercial counter was used because sufficient

counter and output register IC’ s were not available. Test results

indicated that the interface performed as designed .

The hardware interfaces allow transfer of data from the airc raft

avionics computer to several digital instrumentation /data processing

systems. They eliminate the necessity for the A/D and 0/A conversions of

a hybrid system. Digital recording also eliminates the errors attributed

to analog recording and reproducing . Computerized tabulation of the

instrumentation data is also facilitated . Perhaps the largest payoff ,

however , Is that the digita l Instrumentation provides a permanent record

of the precise inputs and outputs of the operating software in the gun-

sight computer .

2. SOFT WARE

The HCM—204 instrumentation program was tested on the maintenance

mock-up at Tyndall. A 1KHz synchronization pulse was connected and the

mock-up HCM-204 transferred data to the display successfully. The self-

test routine was checked and verified . The memory drum of the aircraft

was loaded with the instrumentation program and tested successfull y in

the mock-up computer. Testing on the aircraft will be completed by

Test Squadron personnel .

The RWA-4 instrumen tation program occupies 100% of the HCM-204 duty

cycle , so normal FCS computations are not performed when the special
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program is operating . For the Compa rative Gunsight Study , this is of

no consequence, since the HCM-204 serves no usefu l purpose during gun

operation. If , however , the HCM-204 is required to perform some of its

norna l functions and digital instrumentation is still desired , an

extensive effort would be required to interlace instrumentation and

avionics software. In fact , such an integration may not be practicable ,

or even possible.

3. CONCLUSION

The hardware and software provided will fulfill the requirements

of the AFAL flight tests being conducted at Tyndall. Both hardware and

software may be easil y modified to accommoda te changes in operationa l

requ i remen ts. I n par ti cular , the HCM-204 instrumentation program and

Ou tput interface allow digita l data transmission for a virtually un-

limited number of flight test applications .
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APPENDIX A

ASSEMBLY LANGUAGE LISTING

This appendix includes the entire assembiy language program

developed by AFALfRWA-4. The listing was obtained from the IBM cards

used to create the actual program tape . Conrient cards were included

to denote pro gram flow .

The discrete HCM-204 inputs used for program control are listed

under “DIGITAL INPUTS AND OUTPUTS USED FOR PROGRAM CONTROL” . The

significance of the status word bit configuration is described under

“STATUS WORD CONFIGURATION ” .
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APPEND IX B

HDC-601 DMA I/O SCHEMATICS

This appendix includes all the schematiCs delivered with the

hardware  to engineering personnel at Tyndall AFB . The HCM-204 output

interface is not inc l uded ; the input to this DMA Interface is the 18 TTL

outputs of the HCM-204 output interface.

This appendix shows the interface as delivered to Tyndall. Changes

in operationa l requirements necessitated certain modifications which

were completed and documentated by Tyndall personnel .

The schematics were drawn so that they may be placed adjacent to

one another to form a single complete schematic.
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DATA IS 0 0 a 0 3 0 01 01 DI 01— - 3 0 o 0 0 0 0
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~ —— 1 HADO N O 

—
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a’ I ..

I 2 
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61116 II I~~~~~
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I
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________ 
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____

IS 
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_______________________________________________
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ATA I It z• 4

I I

0 it 9
4 3705

S

i 
s

16KH z
~ 05C

4 
35

5 

CLOCK

1k

-i
DA TA II

25
SIC II 4

5 
N I ,
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— •3705
+5~ D C S A 5p~ IS

1493 4iSCOUT

SI ~~o

SERIAL OUTPUT
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INTRP~~~~~~~~

4 

Ioj I I j  I i i  usj ~~ J3O
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• it II 51 4
. ~c i I ‘~
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NI IJ 4

6~~~~~~I i S  so 
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~j _i _iI ~j I ~i

~ ~I ~I ~
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[~ 

I
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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,~~~~~

I 0
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32 
EQUA L I 1 

~~~ I~5
II •4 ~~~~~~~~~ 

_ _ _ _ _ _
INTR PT INTRPT

WRflE W~~T[

DEC00 I
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IN T R P T
A N I S I O 

OUT
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STOP_ -
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I ~~~~~~ 
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— START
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~~~~
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STOP
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~

IN TRPT

~~A0READ

W~~TE

DEC00 IOLCOD I
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I’s OECOO3
IA

131

IP4T RPT I 05

STOP ~ 
I 30 S TART

~ 
I I

2 10 6 IRG
I 5 5

J31

SLEW
I S ~ S ~~

ST A RT

I
3 

5
I S 

1 4 0 ’S7ART
74175

I 4 — 3

I I
I I

5’ID
I 1 74115 1 +5w DISCRETE

______ 
ON SOCKET S

f .
.tl ct ~~II4!.] 
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CLOCK 22K
I NHi ___________________________

t i  IOOp~

________________ 
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______ ________ 
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[
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___________________________________ 
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-



A FA L-TR-  U -f ~4

5~~~53 _ _ _ _ _ _ _ _ _ _ _

S TART 

—

_
flTh.

~~~
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~iTAPE I 5,6 ,1 

~~~~~ 
~~

• 26

LOAD

3 ,4 REC 4

— 

~~~~~~~~~~~~~~~~~~~~~~~~~ TAPE 2 9,10 ,11 [_ j ~~~ 2?

I 5551

1 , 2 REC4
26 

DUAl 14 A
11~

”0A ‘ 

— 
TAP E3 5 6 7  

[12
13 REC8

27 113 e

25 
DUA4 

CI. C
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-
~~~~~~~~

so ~~!J1 ~~~~ 
IDA 3
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~~~~~~~~~~~~~~~
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_________ 
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~~~~~~~~~~
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L~~~~~~
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—
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II It  IS 36
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SLEWC K SL EWCK
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APPENDIX C

AYK-8 INTERFACE SCHEMATICS

This appendix includes the schematics of both the HCM-204/AYK-8 and

the 1RP/AYK-8 interfaces . As shown in the circuit board l ayout on the

followi ng page, the IRP/AYK-8 interface occupies IC sockets on both

Board A and Board B; the line receivers are on Board A , wh i l e  the con trol

logic , coun ters , an d ou tpu t regi sters are on Boar d B.

To operate both interfaces wi th the AYK-8, jumper cables must

connect (pin—for —pin) socket #l3A to socket #368 
and socket #25A or 26A

to socket #358. The first jumper connects the line receiver outputs to

the rest of the IRP interface ; the second jumper connects the tn -sta te

Outputs of both Interfaces together. The outputs to the AYK-8 can then

be taken from either socket #25A or 26A 
(they are wired In parallel).
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Av N IS-I
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I — I l I DELV Y IS-S
I-I S

~~~~~~~~~~~~~~~~~~~~L
DELTY III IS -4

I-B
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34 — 2 ENVX

3 2 — 6  CAL S (CLEAR AND LOAD OUTPUT REGISTERS )

36-10 DELH 
~~~~~~~~ 3 5I~~13 1 14 1 13 DATA I

36—I 
DELVX I 5~ 2 I 131 IS I~ 

I OATA 2
6 I 2 1 IS I DATA 3

4 26 ~ ON 
C 

1 II [ j6 I DATA4 
-

12 13 
_ _ _

OUNTER S) 5 4 I
UP ON

14 A 3 4 3 DATA S
32-10 

RUDCB 
(R[ET

~ J~~~~W

I iS 4 1 DATA6
14I 12 5 I OATA 7

1 II 6 OA TA S

~~~~~~~~~~~~ S A N

B—SIT OUTPUT

~~~~~~~~~~~ (T HESE COMPONENTS NOT USED)

SELl 
f~~~~~

I ENHC

S I ~ ~~~~~~~ 
36-Il

iC 213 ENIX31 15 SELS 
______________

~~~~~~~~tI~~ 

ENVY
S E N E Y
S ENVZ
1 ENTZ
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ENTX34-3
CALS (CLEAR AND LOAD OUTPUT REGIST ERS)

36-10 DE L H 
12 26 10 

~
‘UP J3 14 1 13 DATA I

~
E
~ i

I II _ 
_ _  _

S 
II

DELT X5 12  f~D~ 
t 

13
~ 15 

I DATA 2

~~~~~~~~~ I3 
~~~DN 

~~ 
I I 

~~~~~~~ 
I DATA 4

6 I 121 
~
S I DATA 3

1~~12 I S

3*-ID AUDC S (R SET UP/DOWN C O U N T ER S )  5 4 I
UP DN

4 A 5 14 3 DATA S

It •2 IS 4 DATA S
16

12 5 DATA ?
IS

I I  6 DATA

30 I

3

* 29 4 33
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ENVY

RUOCS (RESET UP/ DOWN COUNTERS ) 5 4 I
32-10 UPThN

J 14 A 
14 3

2 1 IS 4 I DATA 6

29 
6 : 6 12 I DATA ?

o I II 6 1 DATA S

e~
V

bIT OUTPUT
(THESE COMPONENTS NOT USED)
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E N TY  -
~~~~ ~AL S (CLEAR AND LOAD OUTPUT REGISTERS)

~ :::~ 1II~IIi 
‘ ~

4
~~~7

b0 

_ j P  

A~
3 

~ : ::::
~~~~~~ ~~~~~~~~~~~~ 

~~1~~_ :~~ 
:~ :12 13

32-10 RUDC$ LIE ? UP/ DOWN COUNTERS ) 5 4  I

I a 3 14 3 ATA 5

I 0 it 8 
2 I 13 

20 
DATA B

It 29 It 5 DATA ?
IS 

~~ 1 I ~ B DATA S
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— ENVZ

CAL S (CL EAR AND LOAD OUTPUT REGISTERS)

36 14 9 8 2 
2! I

RUOCS (RESET UP/DOWN COUNTERS) 5 4 I
32 10 -

~~ uP DN

I 14 A 
14

I IS 4 I
II 10 12 lO~~ I 22
P2 

29 I2 DATA7
IS I II 6 I DATA S

4
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E N T Z

32-6 CA LS (CLEAR AND LOAD OUTPUT REGISTERS )

28 ~ ~~~~ A 1
~ 

1 14 1 13 
-
~ DATA I

I I
36-10 OELH

36-6 DELT Z 2 I 13 1 14 DATA2
___________________________ 14 II 23

Ii~j31~s 
~~~~~ ~L 121 IS DATA 3

I I ~ ~~ DATA 4
I2~~~ ____J7

32-10 RUDC8 (R ESET UP/DOWN COUNTERS) 5 4 I
UP DN

14 A 3 14 3

I IS 4
12 12 24

c 6 12 5 ‘ DATA?

IS
D I I  6 I DATA B

1

2

I I  2531 14

5II
33It SI

IS lO

1
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AYK- 8 INTERFACE INPUT /OUTPUT CONNECTORS

PIN SIGNAL

1 H

2 H

3 ~ex
4 AOX

5

6
From IRP : 7 L~OZ

15 tOZ(Socket #1 on
9 ~VX

Board A) 10
11 AVY
12 L~VY
13 tsVZ
14 AVZ
8 GND

1 SEL l
2 SEL 2
3 SEL 3

4 SEL 4
From AYK-8: 

SEL S
(Socket #25 On 6 SEL 6

7 SEL 7Board A)
9 SEL 8

10 SEL 9
14 MODE 8

50
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1 INl

2 1N 2

3 1N 3

4 1N 4

S I N S
From HCM—204 : 6 ~~ 6
(Socke t #4 on 7 n~ 7

9 1N 8Board A)
10 1N 9

11 IN 1O

12 IN 11

13 1N 1 2

1 ADUC 1

2 AD}1C 2
From HCM—204 : 3 ADUC 3

4 ADHC 4(Socket 95 on
5 ADHC S

Boar d A ) 
6 ADUC 6

9 REQ H
10 MODE H

1 DELVX

2 DELTX

3 DELVY

4 DELTY
Board A to Board B: DELVZ

(Socke t #13 on Boa rd A 6 DELTZ

7 RUDC
Socket #36 on Board B)

9 CAL
10 DELH
11 ENUC

12

13 SEL l
14 SEL 2

15 SEL 3
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1 DATA 1
2 DATA 2

To AY K—8: 3 DATA 3
4 DATA 4(Socke t #26 , 27 on Boar d A
5 DATA SSocke t #35 on Board B) 
6 DATA 6
7 DATA 7
9 DATA 8

10 DATA 9
11 DATA 10
12 DATA 1].
13 DATA 12
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